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Infrequent early recanalization of greater
saphenous vein after endovenous laser treatment
T. M. Proebstle, MD, MSc ,a D. Gu¨l, MD,a H. A. Lehr, MD, PhD,b A. Kargl, MD,a and
J. Knop, MD, PhD,a Mainz, Germany
Objective: The frequency of recanalization of the greater saphenous vein (GSV) after endovenous laser treatment (ELT)
is unclear. This study was undertaken to establish the incidence of early recanalization after ELT and to study the
histopathologic features of reperfused and excised GSV.
Methods: One hundred nine GSV in 85 consecutive patients with clinical stage C2-6 EP,S AS,P,D PR disease were treated with
ELT. Twelve months of follow-up with duplex scanning at regular intervals was possible in 104 treated veins (95.4%) in
82 patients (96.5%). Recanalized vessels were removed surgically and examined at histopathology.
Results: ELT-induced occlusion proved permanent at duplex scanning over 12 months of follow-up in 94 of 104 GSV
(90.4%) in 73 patients. In 4 patients, 5 GSV (4.8%) were recanalized completely after 1 week, after 3 months (n  3), or
after 12 months. Another 5 GSV (4.8%) in 5 patients exhibited incomplete proximal recanalization over the 12 months
of follow-up. Finally, 9 recanalized vessels (8.6%) required further treatment with high ligation and stripping.
Histopathologic analysis of recanalized GSV revealed a multiluminal pattern, as commonly noted in reperfusion after
spontaneous thromboplebotic occlusion of the GSV. During follow-up, secondary incompetency of untreated lateral
accessory saphenous veins was observed in two legs (1.9%).
Conclusion: Early recanalization requiring retreatment is observed in less than 10% of GSV after ELT. The histopatho-
logic pattern mimics recanalization after thrombophlebotic occlusion. (J Vasc Surg 2003;38:511-6.)
In recent years, endovenous treatment methods such as
radiofrequency closure or endovenous laser treatment
(ELT) have been used to abolish reflux in the incompetent
greater saphenous vein (GSV), with immediate success
rates of 90% to 100%.1-6 With radiofrequency closure,
vessels that remained occluded at 6 weeks after the proce-
dure do not recanalize during the first 12 months of follow-
up.3 Preliminary studies comparing radiofrequency closure
with varicose vein surgery with high ligation and stripping
of the GSV even suggest that clinical results are comparable
1 year after treatment.2 Such comparative studies of ELT
and surgery, and 12-month follow-up data regarding rate
of recanalization of initially closed GSV, are lacking for
ELT. Unlike with radiofrequency closure, which leads to
occlusion of the vessel by means of thermally induced
shrinkage of the vessel wall,7 after ELT there is thrombotic
occlusion of the vessel,6,8 similar to after thrombophlebitis
of the proximal GSV. However, in the latter case, at least
with anticoagulation therapy, partial or full recanalization
of the vessel is the rule.9 To discern more information
about incidence, potential risk factors, and histopathologic
pattern of recanalization after ELT, we undertook this
prospective follow-up study of consecutive patients in
whom all clinical stages of venous disease were represented.
PATIENTS AND METHODS
Patients. Patients with all clinical stages of chronic
venous insufficiency were seen for routine evaluation in our
phlebology clinic. Functional testing, including duplex ul-
trasound (US) scanning, was performed to demonstrate
incompetent GSV with reflux of more than 500 ms dura-
tion with the Valsalva maneuver. Patients who met this
criterion were offered either classic varicose vein surgery or
ELT. Fewer than 5% of patients opted to undergo classic
surgery. Patients with acute venous disease, eg, deep ve-
nous thrombosis or superficial thrombophlebitis, in the
preceding 6 months were not considered for ELT. All
patients gave written informed consent, in accordance with
the Helsinki declaration. Both in terms of demographic
data and severity of disease, patients were representative of
the usual clientele of our university clinic (Table).
Administration of laser energy. ELT was the only
treatment administered; no additional treatment such as
sclerotherapy or miniphlebectomy was performed simulta-
neously. In approximately 30% of cases varicose tributary
vessels did not demonstrate spontaneous involution 3 or 6
months after ELT, and miniphlebectomy was performed
with the patient under local anesthesia.
The ELT procedure was performed as described,6 on
an outpatient basis if patients were not hospitalized for
other reasons. In brief, under duplex US guidance the GSV
was punctured with an 18-guage needle at the distal point
of reflux. With the help of a J-tip guide wire (diameter,
0.035 inch,) a 5F angiocatheter was placed, with duplex US
guidance, close to the saphenofemoral junction (SFJ). The
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guide wire then was replaced with a 600 m laser fiber
(outer diameter 1.0 mm) connected to a 940-nm diode
laser (Medilas D; Dornier MedTech Laser GmbH, Germ-
ering, Germany). The desired position of the laser fiber tip
was confirmed with duplex US scanning. In addition, trans-
cutaneous visibility of the red pilot beam further enabled
confirmation of the correct position of the fiber tip. With a
Klein pump, a median of 600 mL (range, 200-1200 mL) of
tumescent local anesthesia was infiltrated into the saphe-
nous compartment with duplex US guidance. One liter of
tumescent local anesthesia was prepared with 1 L of phys-
iologic saline solution (0.9%), 700 mg of prilocaine, 1 mg
of epinephrine, and 10 mL of bicarbonate 8.4%, as de-
scribed.10 Immediately, 15 J of laser energy was adminis-
tered in 1-second pulses. During each 1-second-off phase
of the laser, the fiber was withdrawn about 3 to 5 mm.
Immediately after ELT, thrombus within the treated vein
could not be demonstrated on duplex US scans. Rather, a
spastic vein within a sea of tumescent local anesthesia was
seen.
Concomitant treatment and follow-up. After re-
moval of the fiber, an eccentric compression bandage was
applied over the entire length of treated vein for 24- to
48-hours. Therefore, rolls of 10 10-cm gauze were fixed
with adhesive tape directly over the treated vein to provide
extra pressure. In addition to the eccentric compression
bandage, the patient wore full-thigh class II compression
stockings (30 mm Hg) continuously, day and night, for 8
days. In patients with concomitant symptomatic peripheral
arterial disease in the treated leg, with arterial ankle pressure
less than 80 mm Hg, the compression stockings were
omitted and the eccentric compression bandage was left in
place for 8 days. Also for 8 days, all patients received low
molecular weight heparin (2500 IU dalteparin subcutane-
ously) once daily, unless preexisting conditions eg, atrial
flutter, warranted more intense anticoagulation therapy.
No sedation was used. Patients were instructed to walk
immediately after the procedure. Follow-up examination
included duplex US scanning at 1, 8, and 28 days and 3, 6,
and 12 months after the procedure.
Histopathologic examination of recanalized GSV.
Patients with recanalization of GSV underwent classic var-
icose vein surgery, including high ligation and stripping,
under tumescent local anesthesia.10 The vein was then cut
in 2-cm sections, fixed in 4% buffered formaldehyde, and
embedded in paraffin blocks for later histologic examina-
tion. Four micrometer sections were stained with hematox-
ylin-eosin according to standard protocol. Sections were
removed through skin incisions in the groin and at the
distal point of reflux before insertion of the stripper, to
avert additional mechanical damage.
RESULTS
One hundred nine ELT procedures in GSV were per-
formed in 85 patients (Table). The procedure was per-
formed in one limb in 61 patients (71.8%) and in both
limbs in 24 patients (28.2%). During stepwise removal of
the laser fiber a median of 88 laser pulses (range, 22-156)
were applied.
In 8 patients (9.4%), incompetency of the lateral acces-
sory saphenous vein was demonstrated in 10 legs (9.2%) on
duplex US scans at ELT of the GSV. ELT was performed in
these vessels at the same session or shortly thereafter (data
to be reported in another article).
Technical problems and immediate closure rate.
Because of pronounced tortuosity of the GSV, it was im-
possible to advance the guide wire into the distal part of the
thigh in 1 patient. With a second puncture, 20 cm distal to
the SFJ, only the proximal part of the GSV could be treated.
This GSV reopened completely within 3 months, and the
patient subsequently underwent classic varicose vein sur-
gery. In another 6 patients (5.5%), also because of pro-
nounced GSV tortuosity, direct advancement of the guide
wire toward the SFJ in one maneuver was impossible.
However, in these veins a second puncture allowed ELT of
the entire incompetent section of the GSV, as originally
planned. The remaining 102 legs (93.6%) were treated
without technical difficulty, with no untoward effects.
At day 1 after ELT the GSV was occluded with throm-
bus formation (Fig 1) within 4 cm of the SFJ in all but 3
patients (5.9 cm, 8 cm, and 20 cm, respectively). Median
distance between the proximal end of the thrombus and the
SFJ was 1.4 cm (range, 0.1-20 cm). In the patient with 5.9
cm of proximal unoccluded GSV, the vessel remained sta-
ble throughout the 12 months of follow-up, and no further
treatment was required. In the patient with 8 cm of unoc-
cluded GSV at day 1, complete thrombus formation to
within 0.4 cm of the SFJ was noted at 1-week follow-up;
however, occlusion was stable thereafter. In the patient
Patient characteristics and CEAP classification of treated
legs
Median Range %
Number of patients 85
Median age (yr) 57 17-83
Median body mass index 26.5 19.2-49.2
Median vein diameter* (mm) 5.8 3.0-12.4
Female sex 62 73
Number of treated legs 109 100
C2 107 98
C3 79 72
C4 53 49
C5 3 3
C6 18 17
EP 102 94
ES 7 6
AS 109 100
AP 52 48
AD 7 6
PR 109 100
PO 0 0
Other conditions
Femoropopliteal bypass grafting 1 1
Previous balloon dilation of
superficial femoral artery
1 1
Terminal renal insufficiency 1 1
*Measured with the patient supine.
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with 20 cm of proximal unoccluded GSV the cause was a
high-flow feeding tributary vessel at that location. The
patient underwent high ligation and stripping of the vein 1
month later.
In virtually all other patients with less pronounced
proximal GSV occlusion, duplex US scans demonstrated
feeding tributary vessels, with spontaneous, breath-depen-
dent flow. In most cases this tributary vessel was the inferior
superficial epigastric vein (Fig 1). Duplex scans did not
reveal distal or mid-GSV patency.
Clinical examination and duplex US scan-
ning. Eighty-two of 85 patients (96%) with 104 of 109
treated GSV (95%) were available for follow-up over the
entire 12 months. Three patients with 5 treated vessels did
not complete the 12-months follow-up: one 77-year-old
woman, who had undergone ELT of both GSV, died of
mesenteric infarction 6 weeks after the procedure; two
other women, one 79 years old who had undergone ELT of
one GSV and one 75 years old who had undergone ELT of
both GSV, refused follow-up duplex scanning because of
long travel time from their hometowns to our clinic.
A remarkable percentage of patients noted symptoms
of clinically overt or subclinical thrombophlebitis, typically
after a symptom-free period of 3 to 5 days. Of 104 treated
GSVs, 70 patients (67%) had pain along the vein for a
median duration of 1 week (range, 0.2-8 weeks), and in 47
patients (45%) a paplable induration was noted along the
treated GSV for a median duration of 3 weeks (range, 1-12
weeks). In 53 patients (51%) diclofenac (75 mg twice a day)
to control treatment-related pain and discomfort was used
for a median of 1 week (range, 0.2-4 weeks). In 10 patients
(10%) overt thrombophlebitis of the treated GSV or ad-
junct varicose tributary vessels, with redness and swelling,
lasted for a median duration of 2 weeks (range, 1-4 weeks).
Twelve months after ELT, 94 of 104 GSV (90.4%)
demonstrated stable occlusion. However, 5 GSV (4.8%) in
four patients exhibited complete recanalization on duplex
US scans, and during follow-up 4 additional GSV showed
partial recanalization. Together with the single case of
failed closure of the proximal 20 cm of the GSV, 10 GSV
demonstrated more or less pronounced recanalization or
relevant incomplete closure. Nine of these 10 veins merited
repeat treatment with high ligation and stripping. The time
course of duplex scan demonstration of recanalization is
shown in a Kaplan-Meier plot (Fig 2).
Potential reasons for complete recanalization included
rheologically active medications with heparin (enoxaparine,
100 IU per kg subcutaneously twice a day), phenprocou-
mon, or platelet inhibitors in three patients and technically
inappropriate performance of the ELT procedure in an-
other patient. Furthermore, four of five patients with partial
recanalization had body mass index greater than 35 kg/m2.
However, data for potential risk factors for recanalization
did not reach statistical significance and therefore are not
reported here.
Pathologic examination of recanalized GSV. Ex-
amination of recanalized GSV removed at classic varicose
vein surgery revealed a typical histopathologic pattern. A
representative section obtained 6 months after ELT and
stained with hematoxylin-eosin is shown in Fig 3. Duplex
US scans demonstrated full recanalization of the proximal
30 cm of the GSV. During the Vasalva maneuver the reflux
could be followed into a large varicose tributary originating
from the GSV 30 cm distal to the SFJ and coursing ventrally
toward the lateral aspect of the thigh. Distal to that tribu-
tary the GSV appeared completely closed on duplex US
scans.
Fig 3, A and B (inset), shows recanalization of the GSV
about 5 cm distal to the SFJ. In addition to one major
lumen, several additional vascular channels can be recog-
nized. Note that neither the large vascular channel nor the
smaller slitlike channels exhibit a distinct wall structure. In
Fig 1. B-mode scan of saphenofemoral junction 1 day after en-
dovenous laser treatment. Thrombus 0.45 cm in diameter caused
occlusion of greater saphenous vein except for proximal 0.96 cm
close to saphenofemoral junction. Note breath-dependent sponta-
neous blood flow in superficial inferior epigastric vein.
Fig 2. Kaplan-Meier plot of incomplete closure (n 1), complete
recanalization (n 5), and partial recanalization (n 4) requiring
subsequent ligation and stripping of greater saphenous vein. Pa-
tients at risk included 109 at treatment, 107 at 1-week follow-up,
102 at 3-month follow-up, 98 at 6-month follow-up, and 95 at 12-
month follow-up. At any time, SE  .03.
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Fig 3. Representative hematoxylin-eosin–stained sections of recanalized greater saphenous vein (GSV). A-D, Seg-
ments 6 months after endovenous laser treatment. E, Vessel segment 6 months after recanalization of thrombophle-
botically occluded GSV. F, (Same patient as in A-D.) Untreated varicose tributary vessel entered GSV proximal to level
in C and D. Carbonized particles observed in B and D (arrows) are evidence of previous endovenous laser treatment at
the former level of the endothelium. A mutiluminal recanalization process can be detected within the organized
thrombus of the laser- treated GSV (A-D) and in the thrombus after superficial thrombophlebitis (E). Despite vicinity
to laser-treated GSV, section obtained from varicose tributary vessel shows only typical changes of varicose vein
anatomy (F). Bars correspond to 1 mm in A, C, E, and F, and 200 m in B and D.
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particular, no elastic lamina is demonstrated. Carbonized
particles can be seen at the level of the endothelium,
representing remnants of the ELT performed 6 months
before (Fig 3, B, arrows).
Fig 3, C and D, shows the GSV at the distal thigh, 3 cm
distal to the confluence of the GSV and the above-men-
tioned varicose tributary vessel. Even though this vessel had
appeared completely closed on duplex US scans, a multilu-
minal recanalization process is apparent in this thromboti-
cally occluded vessel. Again, carbonized particles can be
seen at the former endothelial level (Fig 3, D, arrows).
Fig 3, E, shows the histopathologic appearance of a
GSV in a patient with complete thrombotic occlusion of
the vessel 6 months previously, due to superficial thrombo-
phlebitis. The patient was given tinzaparin (175 IU/kg
subcutaneously once daily) until anticoagulation therapy
with phenprocoumon achieved international normalized
ratio greater than 2.0 for 6 weeks. In addition, the patient
wore full-thigh compression stockings for 6 months until
varicose vein surgery. Note that the histopathologic section
(Fig 3, E) demonstrates morphologic similarities to the
recanalization phenomenon after ELT (Fig 3, A-D). Again,
no distinct vessel wall structures and no elastic lamina can
be identified in the new-formed vascular channels. Carbon-
ization cannot be observed anywhere in the vessel wall. Fig
3, F, presents a section of varicose tributary (same patient as
in A-D) 3 cm distal to the confluence with the GSV. This
tributary was never exposed to endovenous laser action. It
shows typical changes of a varicose vein, with marked
muscular hypertrophy, thickened intima, and extensive fi-
brosis and matrix deposition in all vessel wall layers.
Secondary incompetency of tributary vessels of the
SFJ. Follow-up with duplex US scanning was not only
performed to detect eventual recanalization of the GSV
after ELT, but also to detect secondary incompetency of
untreated tributary vessels in the region of the SFJ. How-
ever, in only 2 of 104 vessels (1.9%) was new reflux detected
within formerly competent lateral accessory saphenous
veins during 12-month follow-up. In 1 patient this incom-
petency was detected 3 months after ELT of the GSV, and
was treated with the same procedure 2 months later. The
vessel remained occluded until 7-months follow-up. A sec-
ond patient had an incompetent lateral accessory saphenous
vein 12 months after ELT. The vessel successfully was
closed 3 weeks later at repeat ELT. During duplex US
scanning at follow-up no neovascularization was observed
at the SFJ.
DISCUSSION
In our opinion, less invasive, endoluminal treatment
methods to abolish pathologic reflux by occluding the
incompetent vein are preferable to surgical removal of the
vein. In earlier studies6,8 we showed that laser-induced
steam bubbles cause heat-mediated damage to the inner
vein wall and lead to thrombotic occlusion of the treated
vein (Fig 1). This mechanism of action differs from heat-
induced shrinkage of the vessel wall induced by radiofre-
quency closure,7 and until now we did not know whether
occlusion can also be achieved without post-ELT thrombus
formation.
Similar to the rates reported with radiofrequency clo-
sure, results of 12-month follow-up in a series of more than
100 patients, with all clinical stages of disease, show that
more than 90% of treated GSV remain closed after ELT.
With exclusion of patients at higher risk for recanalization
of the GSV after ELT, this percentage might be even
higher. In our cohort, patients with excess body mass index
and those receiving anticoagulation therapy or platelet-
inhibiting medication appear to be among those who dem-
onstrated recanalization. However, these observations
were not statistically significant when compared with those
in patients with stable occlusion of the GSV. Therefore
larger studies will be necessary to assess potential risk fac-
tors for recanalization.
During 12-month follow-up with duplex US scanning
the dominant pattern of recurrence at the level of the SFJ
was recanalization of the GSV itself in 10 of 104 patients
(9.6%), with no neovascularization. In only two patients
(1.9%) was secondary incompetency of the lateral accessory
saphenous vein observed. However, even that was easily
occluded at ELT. Inasmuch as ELT is a rather new tech-
nique, with potential for further development of laser en-
ergy administration protocols, these numbers are promis-
ing.
Recanalization of the GSV might be facilitated with
subcutaneous administration of low molecular weight hep-
arin during the first week after ELT. For example, full
recanalization was noted within 1 week in a GSV throm-
botically occluded at day 1 in a patient receiving high-dose
enoxaparine (100 IU per kg subcutaneously twice a day)
because of an aortic valve bioprosthesis. However, inas-
much as ELT induces thrombotic occlusion close to the
SFJ, a condition that would be treated at emergency sur-
gery or with vigorous anticoagulation therapy if it occurred
spontaneously, we did not want to omit thrombosis pro-
phylaxis in our patients after ELT. Future studies might test
the hypothesis that ELT is safe without administration of
subcutaneous low molecular weight heparin.
Nevertheless, recanalization of an intravenous throm-
bus might still be observed in selected cases if no heparin is
given. We know that after spontaneous thrombophlebitis
of the GSV, recanalization is the rule,9 and after deep vein
thrombosis more than 50% of patients experience total
racanalization during the first 6 months after the event, at
least when receiving antithrombotic therapy.11 This time
course for recanalization, mainly within the first 3 to 6
months, largely reflects the time dependency of GSV recan-
alization in our series. However, it is unclear which mech-
anisms finally lead to reopening of the occluded veins; and
it is even more interesting that about 90% of laser-treated
GSV in our series remained closed at 12-month follow-up,
and we speculate that most will not recanalize hereafter.
Probably the density of the laser-induced damage of the
inner vein wall leads to more stable thrombus than with
spontaneous thrombophlebitis. ELT-induced thrombotic
vein occlusion may even serve as a human model for further
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study of this recanalization process and the key biologic
mechanisms involved.
Until now, laser wavelengths between 810 and 1064
nm have been used for ELT,4-7,12,13 and, at least for
810-nm, 940-nm, and 980-nm wavelengths, there is no
difference between laser wavelengths with respect to mode
of endovenous action, the steam bubble–mediated heat
damage to the inner vein wall.8 To date, mainly pulsed laser
protocols have been described, delivering 8 to 15 J per
pulsation,4-7 with subsequent backdraw of the laser fiber a
few millimeters during the off-phase. Only one article
reported pulse energies as high as 100 to 150 J; however,
this was associated with an extraordinarily high rate of nerve
and skin damage.13 In addition to the search for optimal
laser energy parameters, continuous pull-back protocols,
with relatively slow pull-back velocity, are under evaluation
in comparison with the described pulsed protocols. How-
ever, early results of continuous pull-back protocols are
only beginning to be published.14
In summary, ELT of the GSV shows promising results
at 12- month postoperative follow-up. The main pattern of
recurrence, resulting in repeat treatment in 8.6% of pa-
tients, is recanalization of the GSV mimicking recanaliza-
tion after spontaneous thrombophlebitic occlusion. Fur-
ther optimization of laser energy administration protocols
and identification of patients at high risk for recanalization
might improve clinical results.
We thank Mrs Weinga¨rtner for skilled technical sup-
port, and Mrs Ga¨rtner for preparation of the vein samples
for histopathologic examination.
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